Long-lasting hyperalgesia and sympathetic dysregulation after formalin injection into the rat hind paw.
Subcutaneous formalin injection has been used extensively to evaluate acute effects (over several hours) of chemical nociceptive stimulation on nociceptive reflexes. Also, a persistent hyperreflexia for mechanical and thermal stimulation, lasting 3 weeks after formalin injection, has been revealed and related to microglial activation in the spinal dorsal horn. The present study demonstrates more prolonged effects of formalin injection, lasting 6 weeks, on operant escape from nociceptive thermal stimulation. Operant escape requires cerebral processing of nociceptive input and can detect effects that are not limited to spinal or spinal-brain stem-spinal reflex circuits. Compared with rats injected with saline, escape responding to 44.5 degrees C and 47 degrees C stimulation was increased after bilateral s.c. injection of 5% formalin into the dorsal hind paws. The hyperalgesia outlasted visible signs of trauma (e.g. paw edema). Responses to 36 degrees C were not altered after formalin injection, providing a control for effects of the peripheral injury on activity levels or exploratory tendencies. Skin temperature recordings from the forepaws and contralateral hind paw during 44.5 degrees C stimulation of the left hind paw provided an indirect measure of cutaneous blood flow in formalin- and saline-injected animals. Normal reductions in skin temperature during thermal stimulation were attenuated (nearly eliminated) at 1 and 2 weeks after formalin injection and partially recovered by 10 weeks. Thus, formalin-induced tissue injury produced a long-term secondary hyperalgesia, accompanied by a reduced sympathetic responsivity. The similar time-course for these phenomena suggests that there are mechanistic linkages between focal injury, autonomic dysregulation and enhanced pain sensitivity.